In the framework of the ADM-Aeolus satellite mission, successful test campaigns have been performed in ESTEC's laser laboratory, and the efficiency of several mitigation techniques against Laser-Induced Contamination (LIC) have been demonstrated for the ALADIN laser. These techniques include the standard contamination control methods of materials identification with particular tendency to cause LIC, reduction of the outgassing of organic materials by vacuum bake-out and shielding of optical surfaces from the contamination sources. Also novel mitigation methods such as in-situ cleaning via partial pressures, or the usage of molecular absorbers were demonstrated. In this context, a number of highly sensitive optical measurement techniques have been developed and tested to detect and monitor LIC deposits at nanometre level.
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INTRODUCTION
The European Space Agency (ESA) is currently developing a novel measurement system to measure wind speeds and aerosol particle concentration in the troposphere and stratosphere from a space-borne instrument. ESA's project ADM-Aeolus has as its payload a LIDAR (Light Detection And Ranging ) system called ALADIN (Atmospheric Laser Doppler Instrument). The ALADIN laser is a diodepumped Nd:YAG pulsed laser, generating pulses at the fundamental IR frequency (1064nm) which are subsequently frequency doubled (532nm) and tripled by non-linear crystals to produce the UV third harmonic (355nm) with an energy of around 100mJ at 100 Hz frequency. ALADIN will emit spectrally narrow UV laser pulses towards the atmosphere, directed at a 35º emission angle, probing the lowermost 30 km of wind profiles from an orbit 400 km above the Earth's surface.
BACKGROUND
Laser-Induced Contamination is a known phenomenon responsible for the degradation of the properties of optical components in vacuum [1] [2] [3] . Such degradation is due to the formation of a deposit in the optical surface area irradiated by the UV laser beam under vacuum (see Figure 1) . The deposit growth is proposed to be the result of photochemical and photothermal mechanisms, which are triggered by the interaction between UV laser radiation and nearby outgassing species in vacuum from polymeric materials. The effect of such phenomenon is critical to the lifetime operation of the laser instrument onboard the spacecraft. The long term optical degradation of each element will contribute to an overall transmission loss and eventual irreversible damage of the optical components. In conclusion, these hazardous effects can compromise the lifetime of missions that carry high-power lasers. Figure 2 describes a typical LIC setup with its in-situ monitoring instrumentation. 
EXPERIMENTAL SETUP
Figure 3: In-situ transmission setup
The relative transmission is computed from the measured ratio of the energy transmitted through the chamber (output) and the energy measured in front of the chamber (input). The measurement is performed according to equation (1), by temporarily translating the test optics away from the irradiated area to a different position and measuring the relative change in transmission between the irradiated area (nominal) and the "clean" area (reference). This in-out technique reduces measurement drifts caused by the energy detectors. Million shots
Additionally, the test optics can be translated out of the beam path to perform an independent measurement. 
Fluorescence evolution
The fluorescence evolution is measured during the UV excitation of the deposited material on the optical surfaces under vacuum. This technique allows for the detection of nanometric layers deposited on the optics surface during the test. Figure 5 shows an example of how the fluorescence measurement technique can be implemented. (2) Figure 6 shows the onset evolution of fluorescence during an LIC test. The fluorescence signal shows an increasing intensity for the total duration of the test. The LIC deposit resembles an annular shape (doughnut) at the end of 65 hours of testing. 
Ex-situ Analysis
Ex-situ analysis comprises different techniques such as a transmittance/reflectance mapping, fluorescence mapping, white-light interferometry, and optical microscopy (Normarski). Other techniques such as the atomic force microscopy (AFM), mass spectrometry (RGA) and gas chromatography/mass spectrometery (GCMS), and finally chemical analysis such as the time of flight secondary ion mass spectrometry (ToFSIMS) are also used if deemed necessary.
Transmission mapping
The setup developed for mapping the surface of the optical component with respect to transmittance losses is presented in Figure 7 . The optical sample under test is illuminated with normal incidence with respect to the surface (in case of transmissive optics) and imaged on a CCD. This imaging technique requires a homogenous beam profile distribution. Illuminating the sample surface orthogonally with a flat wavefront ensures a constant intensity over the full diameter of the optic. The setup is validated by measuring a calibration sample with known transmission loss. The transmission image must be referenced to an independent image of the wavefront in free propagation (no optic sample at the beam path); alternatively, a clean new optic (representative of the same coating under the LIC test) can be used as a reference image. In Figure 8 , for this particular example we can observe a transmission loss in the order of 6 % on the edge of the deposit. In the case of testing reflective optics the setup must be rearranged in a reflective configuration. In this case it is necessary to use an image of the wavefront reflected on a non-irradiated area of the test optics (or representative of the same coating used in the LIC test). Figure 9 shows the ex-situ fluorescence measurement setup and an example result. The optical sample under test is illuminated with normal incidence (in case of transmissive optics) and imaged onto a CCD camera. This method allows for the measurement of previously deposited layers during an LIC test. Illuminating of the optics surface with UV light produces the visible fluorescence emitted by the LIC deposit. This technique has a detection capability of sub-nanometric layers and is an important tool to measure the formation of a deposit on optics that cannot be accessed during the LIC test.
Fluorescence mapping
White-light interferometry
White-light interferometry is a well-known technique that allows for detection and characterization of structures present on the surface of optical components. Figure 10 shows some examples of white-light interferograms performed on optics tested for LIC. We can characterize the deposit shape and topography of such deposits with nanometric resolution. On the right-hand side picture above it's possible to see that the ex-situ white-light interferogram correlates quite well with the results of the in-situ fluorescence and the ex-situ transmittance techniques. Figure 11 (left-hand side) shows imaging results from the optical microscopy technique. This technique was used to evaluate the presence of a potential laser mark present on the surface of each optic. It's possible to clearly identify the shape and structure of the LIC deposits present on the surface of the optical component under test. Figure 11 (right-hand side) shows the result of a technique based on water condensation applied on the surface of the optics ("huff" test). This technique was applied under the microscope in order to increase the contrast of an eventual LIC deposit. This is usually a good indication of the laser beam footprint as the laser is known to increase the hydrophobicity of the optical surface it impinges upon. The process we see is probably dehydroxylation of the fused silica caused by the laser irradiation [4] . This dehydroxylation results in silica surfaces with final-state hydroxyl concentrations similar to those obtained through the thermal treatment of silica above 200°C, indicating that the laser causes a high localized temperature. The modified surface has then significantly increased hydrophobicity compared to the non irradiated silica surface. Based on conclusions from past experiments [5] , dehydroxylation is caused by a thermal mechanism and requires sufficient cumulative heating by laser irradiation of the surface. Therefore, more hydroxyls are removed at higher laser fluences and/or repetition rates [4] . 5 . CONCLUSION LIC detection techniques are available and have nanometric level of resolution. The results from in-situ and ex-situ techniques are well correlated and proven to be efficient in detecting LIC. LIC is a significant risk to the performance of high-powers UV lasers (LIDARS) operating in space, since a large number of optical surfaces will be affected and consequently the overall transmission loss will be critical. A number of LIC reduction and mitigation techniques [6] [7] can be applied in order to successfully recover the transmission losses observed. Such techniques include a selection of materials and optical coatings; the bake-out of materials as much as possible in order to reduce the outgassing flux of contaminant species; and the shielding of optical components from the contaminants in high conductance. Two novel techniques have been recently developed with efficient results in suppressing the LIC effects: the in-situ LIC cleaning via an Oxygen pressure within the UV optics and the use of molecular absorbers to trap contaminant species nearby.
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